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ADVISORY ON THE USE OF THIS DOCUMENT

—_—

rhe informakion contained in this dogument has been develsoped solely for the

. purpose of providing genexral guidance to employces of the CGoddard Space Flight

center {GSFC). This document may be digtributed gutside GSFC only ag a
courtesy to pther government agencies and cantractors. ANY digtribution of
thig document, or application or ues of the information contained hHerein, is
expressly conditioned upon, and is subject to, the fullowing understandinga
and limitatienc:

(ay The information was davelsped for general guidance enly and is
subject to change at any time;

(B} The information was developad under unique G5TC laboratory conditions

which may differ substantially from cutside eonditions;

(e} G8TC does not warrant the accuracy of the informatien when zpplied or
used under cther than unigue GSFC labcratory conditiens;

(&) The infermatien sheould not be construed s A raprasentation ot
procuct perficrmance by either GSFC or the manufAacturer;

(®) Xeither the United States governmAant nor any persen zcting on behalf
of the United States government assumés 20y 1ishility resulting from
he application ox use ef the informetion.



Paramax Systems 4700 Boston Way
Corparatian Lanham WD 20706

Memorandum - PA\R.I\MA\.X

& Linisys Company

DATE: June 15, 1993 POH—33-062
TO: &. Sharma/311.0

FROM: K. Saha/300.1

SUBJECT: Radiatiun Report on TRMM/GPEP

part No. MQB0386-20 (80386 uP)
contrul Neo. 7387

e B. Fafaul/f31ll.1 4
Library/f30c.1 Q//

A radiation evaluation was performed on MQE0386~20 (Microprocessor) te
determine the total dase tolerance of these parts. a brief summary of the
teat results is provided belaw. For detalled information, roefer to Tables T
through VI and Figure l.

The total dose teosting was performed using & cobali-60 gamma ray source.
During the radiation tegting, four parts were irradiated under hias (See@

Figure 1 for blas configquration), and one part was used asa a control sample.
The total dese radiation levels were 2.5, 5 and 7.5 krads+*. After 7.5 krads.
parts were anngaled at agog in five steps: 48 hours, 168 hours ({cumulativej,

330 hours (cumulative}, 525 hours [(cumulative) and 1200 hours (cumulative}.
The dose rate was betwesn .04 and ©0.08 krads/hour, depending on the total
dose Llevel (ses Table II for radiation schedule}. pftor each radiation
exposure and annealing treatment, parts were electrically tested accerding o
the test conditions and the specification limitsx¥ listed in Taphle ITIa apd
i1Ib. These tests included four functional tests, three at & MHz and one at
16 MH=. Functional vactors for this testing were obtained from Intel and
consist of 374 vector filec with approximately 888,450 Test yectors. Details
of functional test cunditions and procedure are provided in Tahle IV.

all five parts passed initial (pre-rad) electrical tests. 411 four irradiated
parts passed all sloctrical teats at each irradiation level up to and
ingluding khe 5-krad irradiation. After the 7.5-krad irradiation, all four
irradiated parts failed all four functional testa and a nunber of VOH and VOL
tests. Al)l parte coptinued tu fail all four functional tests and a number of
vou and VoL tests throughout all subseguent annealing steps.

Table V provides a summary of thu Functional test resalts, A8 well as the mean
and standard deviation values for eacvh parameter after different irradiation
gxposures and annealing steps. ror more details on the functicnal test
procedures and test rasults, refer Lo Table VI.

any further details about thic evaluation can be cbtained upon reqguest. If
you have any guestinns, please call me at (301y 731-8984,

*The term rads, 48 used in this document, means cads(silicon}.
211 radiation levels cited are cumulative.
##These are manufacturers’ non-irradiated data specification limits. No post-
irradiation limits were provided by the manufacturer at the time these tests
ware perfarmed.
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The information centained in this documént hag been developed solely for Lhe purpese of pru#iding generak
guidance to employees of the Goddard Space Flight Center (GSFCY. This document may be distribuled outside
GSFL only as a courtesy 1o glher government agencies ardl contractors. Any distribution of this ducument, ar
application or use of the information contained hereim, ia cxpressly cenditional upon, and jg subject to,
the followimg understandings and 1imitatione:

(a1 The information was develuped tar general guidance only and ie subject to change &t any time;

tb1 The information WiS developed uhder unigue GIFC laboratory conditions which may differ substantially
from outside corditions;

tey GSFC does not warrant the accuracy of the infarmation When applied or used under other than unigie GSFL
laboratary conditions;

tdy The information should not be construed as @ representation of product pertormance by either GSFC or
the manufaciurer;

{c} Hetther the United States government nor any person acting on behalf of the United States guvernment
assumes any liahility resulting from the applivation ar use of the information.



TAELE I-

Generic Part Number:

Part Humberi

TRMM/GPEF
control Number:

Charge Number:
Manufaoturer:
Lot Date Code:
ouant ity Tested!:

Sarial Mumbers of
Radiarion Samples:

Serial Humber of
Control Sample:

Part kFunction:
Part Technology:
Package Style:
Tast Egquipment:

Test Enginecr:

part Informatian

80386

HOBOIBE-20*

7387

£332132

Intel

2048

L

761, 762, 764, 765

Te0
Microprocessor
CHMOS TV

164-pin Flat Fack
=50

J. Lander

+ No radiation tolerance/hardness Was guaranteed by the manu

parc.

facturer for this



TABLE 11. Radiation Ssehedule for 80386

EVENTS
iy INITIAL FLECTRICAL MEASUREMENTS

2) 2.5 KRAD IRRADIATION (D.06 KERADS JHOUR)
POST-2.5 KRAD ELECTRICAL MEASUREMENT

3y 5 KRAD IRREADIATION (0.08 KRADS fHOUR)
POST-5 KRAD ELECTRICAL MEASUREMENT

4y 7.5 KRAND IRRADIATION (0.04 KRADS fHOUR)
POST-7.5 KRAD ELECTRICAL MEASUREMENT

5) 48 HOUR ANNEALING @25°C (#1)
POST-4% HOUR ANNEAL ELECTRICAL MEASUREMENT

&) 168 HOUR ANNEALING @25°C {#2)
POST~168 HOUR ANNEAL ELBCTRICAL MEASUREMENT

7) 330 HOUR ANNEALING @25°c (#3)
POST-330 HOUR RNNEAL ELECTRICAL MEASUREMENT

8} 525 HOUR ANNEALING @25°C (#4)
POST-525 HOUR ANNEAL ELECTRICAL MEASUREMENT

$) 1200 HOUR ANNEALING @25°C (#5}
POST-1200 HOUR ANNEAL ELECTRICAL MEASUREMENT

ALl ELECTRICAL MELSUREMENTS WERE PERFORMED AT 25°C.

DARTS WERE IRRADIATED AND ANNFALED UNDER BIAS;

SEE FIGURE 1.

NATE
03/22/93

£3/29/93
03/31/93

03/31/93
04/02/93

04/02/93
04/05/93

04/05/93
04707793

04707793
04/12/93

04/12/93
04/19/93

04/20/93
na/27/93

04727493
ns/27/93



Table Mla. MQ80386-20 Test Attributcs

FUNCTIONAL TESTS 1/,2/

Test Name VCC  VIL _ VIH CONDITIONS PINS LIMITS
Functional # 1 4.75v 0.B0V 4.75¥ Freq - 8. OMHZ Al Pins yOT<1.5V . VOH21.S5V
Functional # 2 .25y 0.00v 2.00 Freq = B.0MHz All Ping VOLZ1.5Y , VOH=1.5V
Functional # 3 5.00v 0.00V 5.00v Freg = 16.0KMHZ All Ping VOL<) .®%V , VOH21.5V
Functional ¥ 4 5.00v 0.00V 5.00v Freg = 8.0MHzZ Al Pins vOL=Z1 .5V , VOHZ1 .5V

D.C. PARAMETRICS
Test Name v(CC vIL VIH CONDITIONS PINS LIMITS
(Outpyt Low Voltage)
VoL 4.9y 0.00V 4.75¥ I0L = +4.0ma A2-Ad1
vOLz 4.75v- 0.00V 4.75v  IOL = +4.0mA DO-0MN 20,00V , <0.45V
vOL3 4.75¥ 0.00v 4.75V  10L = +5.0mA Other Qutputs
" (Output High Voltage) '
VOH1 4.15v 0.00v 4.75v  IOH - -1.0mA AZ-AT
vOH2 4.75V 0Q.00v 4,75V I0H = -1.0mA Do-Dat >2,40V , =4 .75V
VOH3 4.95y D0.00v 4.75v  IOQH = -0.5mA Other Qutputs
HR1 , 5 25V 0,00V 5.25¥  Vin - voc Al nput Pins  |=-0.00pA , S+15.0pA
(Input HIGH Leakage) Excapt :
BS16#, PEAEG,
_ BUSY#, ERROR#
| 1H2 25V 0.00V 5.25v  Vin = VCC PEREQ >-0.00pA , <+200uA
{nput HIGH Leakage} | _
Lt 5.25V 0.00V 5.25V ¥in = GND Alllpput Pins |=-15.0ua , =+0.00uh
{Input LOW Leakage) Except:
BS16#, PEREQ,
BUSY#, EAROR#
n2 5.25v  0.00V  5.25V ¥in - GND BS16#, BUSY# |=>-400una , £+0.00pa
- {Input LOW Leakage) i and EARCRY
10ZH (ILO High) 5,25V 0,00y 5.25¥  Vout = 5,25V HI-Z Qulput >-15.0pA , =+15,0ul
{Oulput Leakags) _Pins
I0ZL {ILO Low) & as5v 0.00¥ 5.25¥  Vout = 0.45¥ Hi-Z Output  |[=~15.0uA , <+15.0uk
{Output Leakage) Pins
OC @ BMHZ 3 | 5.25v 0.00V 5.25V  CLRZ = 18MHZ VCC Fin 0. 0mh , <+230mA |
{Dynamic Voo Current) ( CPU running ar gMHZ )
ICC1 @ 16MHZ S 35V 0.00V 5,25V  CTK2 = 32MHz VGG Pin =+0.0mA , =+460mA
({Dynamic Ve Curranf)| { CPU running at 16MHz } -
ICC2 @ 20MHZ 5 25v 0.00v 5.25v  CLK2 = 40MHz VG Pin >+0.0mk , <+550mA
(Dynamic Vee Current) { CPU running at_ 20MHZ )
COMMENTS AND EXCEPTIONS
{1} Functional Vectors obtained from Intel Corp. consist of 374 Vector Files with approximately 888,450 Test
vectors. For details of functional test canditions and procedures, see Table IV.
(2) VIL & VIH tests are performed GO/NOGO durlng Functional #1 & #2, respactively.
{3) Limit for ICC @ 8MHZ was estimated from ICC1 @ 16MHZ since it was not specificd by the Mir.
L




Table Ib.

MQ80386-20 Timing Test Attributes 1/

Actual Value | Actual Value
Timing Parameter Specification| used during used during
Description Symbol Limit Functional # 3 | Functlional # 4
. @ 16 MHz @ 8 MHz
CLKZ Period i1 > 25n8 31.0nS 62.508
CLK2 High Time @ (Vcc-0.8V) t2b = 5nS 5.0ns 10.0ns
T CLK2 Low Time ® 0.8V t3b | = 5n3 5.0nS 10.0nS
CLKZ Fall Time 14 = BnsS 3.503 3.5n8
ClLK2 Rise Time 15 < B8nS 3.5n8 3.5n8
NA# Setup Time {15 > 9ns5 44.0n5 17.0n8
NA# Hold Time t16 2 14nS 14.0ns 18.0n9
BS18# Setup Time 17 = 13nS 44.0n5 17.0nS
"BS16# Hold Time 118 > 21nS§ 23.0n8 28.0n8
N READY# Satup Time t19 > 12n8 13.0ns 15.0ns
READY# Hold Time 120 > 4nS 45.0n8 5.0nS
B DO-D31 Setup Time 121 = 11n8 13.0n8 15.0n8
DO0-D31 Hold Time 22 = 6ns 45,0nS 95.0ns
HOLD Setup Time t23 = 17ns 18.0n5 20.0ns
HOLD Hold Time {24 > 5ns 45.0nS 5.0nS
RESET Setup Time 25 > 12nS 13.0n8 15.0nS
RESET Hold Time 126 = 4n§ 45.0n8 75.0n8
NMI, INTR Setup Time 127 > 16n8 44.0n8 17.0n8
NMI, INTR Hold Time 28 > 1l6n3 18.0n8 18.0nS
PEREQ, ERHOR#, BUSY# Setup Time t29 > 14ns 13.0ns 15.0n8
"PEREQ, ERROR#, BUSY# Hold Time | 130 > 5n§ 45.0ns 10.0n8 |

1} AC Parameters were tested GO/NOGO during functional tests #3 and #4 using

the “Gross” Timing Parameters shown above.



Table IV. Fonctional Test Conditions and Procedures 1/,2/,3/,4/,5/

[ Functional Test Voo input Low input High frequency | Pattern File
Number Voltage Voltage (VIL)  Voitage (ViH} (MHz) Block Size
# 4.75V 0.80V 4.75Y 8.0 MHz 1
I #2 5.25Y .00V 2.00V A.0 MH:z 1
#3 5.00V T .00V 500V 16.0 MH=z 15
| #4 5.00V 0.00V 5.00V 8.0 MHz 15

Notes

1/ Ve Supply Voliage This parametsr is the operating DC supply voltage.
This device is rated at 5.00V +/~ 5% (L.e, 4.78V o 5.25V)

2/ Input LOW Voltage “This parameter is the maximum voitage level at the inputs that can be
{VIL} interpreted as a logical LOW or '0'. ‘The value of 0.00V or GND is usually
called a "Hard’ Zero.

a/  |nput HIGH Voltage This parameter i5 the minimum voltage level at the inputs that can be
{(V1H} interpreted as a logical HIGH or "1". The value of 4.75V or VCC is usually
called a "Hard' One.

4f Test Fregugney  This parameter is the input Clock rate at which the part is baing tested.

{MHz) The Clock cycie lasts for 125 nE at 8-MHz and 62.5 nS at 16-MHz.
5 Pattern File It is neccessary to describe how the functional 1ests are being performed
Block Size before explaining this parameter. The four {(4) functlonal tests verify

different characteristics of the device-under-test {DUT). The purpose of
functional #1 and #2 is to test the VIL and ViH parameters, respectively.
These parameters are tested separately. The functional tests #3 and #4
verify full functionality of the DUT at 16-MHz and 8-MHz, respectively. A
full functional test consists of 374 pattern vector files. These pattern files
contain a total of 888,452 functional test vectors. The DUTs are tested
using groups of 15 files at a time, These groups are called 'Blocks of flles’.
After every block is completed, Itis then detarmined if the testing will
continue to the next block of 15 files, When the DUT fails any vector file, it
is neccessary to abort the testing of the following vector files of the same
functional test, because the results are no longer meaningful.

Eor the case of functional #1 and #2, only one (1) pattern is tested becauss
our only interest is in the ability of the part to detect VIL & VIH voltages.
On the other hand, for functional #3 and #4 (full functionals}, the block size
is set to 15 pattern files at atime. The functional testing will.stop if the

DUT fails any test vecior in any of those pauern files. These pattern files’
contain different numbers of vactors. Some files contain approximately

100 to 1000 vectors, but others could have from 2000 10 5000 vectors. A
part is considered & failure even if it only fails one single test veclor. The
location of the falled vector within the pattern file does not provide enough
data to determine the severity of the failure, or as a way to compare one
part to another. This means that it is very difficult to determine if any
functionat recovery from irradiation is cbservad,




TABLE V: Summary of Electrical Measurements After
Total Dose Exposures and Annealing for MQ80386-20 L/

Tota- Dose Exposurz (TLE) ikrads) |Afdneal I [anneal 2 |Anneal 3 ‘Anneal 4 Anneal_é]
spee. Ini-ial 2.5 | 5 - 5 | a8 hes. | 168 hre| 330 nrs| 525 hre (1200 nrs.
Lim./jf2 @257 @23°C 2570 B2 FL5°C
Parameters nin nax |mean =4 |mear sd |mean sd mrean s4 |mean s4 |mean 2d |mean &2 |mean 34 Imean sd
fFoRClL, 8 MHz, 4.75 V J7&33 pASS FASS FRIL 1P3F 1P5F lP3F| 1P5¥ I P3F
FUNCZ. B MHz, 5.25% V PASS PASS DASS FATL FATL FAIL FAIL, FaIL FATL
FOMNC3, 14 MHz, £.30 WV EASS PASS BPASE TAIL FRIL FAIL FalL FATl FLIL
IONCL , £ MHz, 5.00 Vv JPA&SS PLES pass FATL FATL FATL FA1L FATL TALL |
VOLY~* my Y 350 182.5. 9.3 [85.1, 8.4 |86.717.8 FrlL FAIL FAaIL FAIL FARIL FAIL :
VOLI* my a 450 117 1.6 117 |1.5 117 | 1.% [FAIL ZAIL FLEIL FATL FRIL FAalL
VOLl* my i 450 112 12 112 11 121 12 FAIL FAIL FAIL- FAIL FATIL FAZL
VOoHL v 2.4 14.7504.71 o 14,71 o (4.7, 0 FLRIL Fall 4,67 .42 4.71] 3 .71 0 4.67] .42
YVOEZ* v | 2.4 [¢.75]3.23] .13 7.230 . 0373.25| L03 |FAILIL FATL ZAIL iFRIL FAIL FLIL
YIH3* V_'E.G 4.7%514.71 2 [ K 4.71 ¢ FAIL FATL Fali FAIL FaTL FAIL
1141 ah 0 is a 0 0 i C L C 0 0 ] a C a ] ) C ] o
1IH2 uk | 0 o0 Is2 . 20 .77 s2.7?] .66 {53.3| .70 |35.4 tg [652.9) ,74 154.3] .74 154.4] .58 5d.5] .52 154.5] .65
IIL1 uk | -15 0 o 0 0 Q g 2 3 I 0 o) 0 ) ] ] 0 1 ; 0
IILZ ud | -400 a —1r1 31 |-100, 31 [-103] 21 |-101; 31 50 31 -9 | 3L b-100) 31 |-100] 31 |-tocC| A4l
1074 uk ] -15 i5 o a a 0 0 [y 1] ] ** * & 0 a J L ¢. 0 & g
IOZL tal -15 15 J 3 G a o O 4] ) K ] 4] o o] a0 Y F o C
ICC GMHZ ma G 550 [9-.0] 3.8 161.7]2.8[%3.¢ 2.3 96.4 1.1 19c.613.495.5/4.2 93.0[4.6 gg. 1] 7.3 %8.7]5.1
TCCIoMHZ mA 0 454 1Ep|6.21142| 6.3 151 £.2 155 8.2 %59 T 0L 1E6 | E.T 145 15 V18T [ 3.5 156 | 3.7
ICC20MHZ ma ) 550 [1661013.0[25015.0]1%0(2.3 160 17.5|13119.4 1921 4.4 |189 3.1) 187 3.9 |190[3.3
1/ The mear and standard deviaticn values were calculated over the four parss irradiated
in this testing. The contrel sample remained constant -hroughsut the tes:ting and is rot
included in this table.
2/ Thesg are manufactirarss’ non-irradiated data sheet spec-ificarion limics. Ne poss-
irrediation limiks were provided by the manufacturar gt kthe time the b=20ts Wers neripormed.
*afrer 7.% krads., all parts failed a number of vOH and VOL tests, "hase fFailures wers due £

the output piné nct being in the anticipated state due to Functicna. failures of the Darts.
*+Wn reliable data were available at this polntc.
Radiation-sensitive parameters were voLl, VOL2, VOL3, VOHZ and VOH3.



TEST NAME
Post 7.5Krads
Electrical
Measuremenls

48 Hrs
Annealing #1
Electrical
Measurements

168 Hrs
Annealing #2
Electrical
Measuremants

330 Hrs
Annealing #3
Electrical
Measurements

525 Hrs
Annealing #4
Electrical
Measurements

1200 Hrs
Annealing #5
Eilectrical
Measurements

Notes
14

Table VL. RADIATION FAILURE SUMMARY

1ST FAILING VECTOR FILE

ENCOUNTERED AT
FAILURE DESCRIPTION 1f F1l F2 F3 Fa 2
/N : 761 Failed 4 functional 1ests and 119 DC tests. * NOT AVAILABLE *
3N : 762 Failed 4 functional tests and 103 DC 1ests. * NOT AVAILABLE "
SN 764 Failed 4 functiona! tests and 78 DG testis. * NOT AVAILABLE *
GiN : 765 Failed 4 functional tests and 72 DC tests. * NOT AVAILABLE *
F1 F2 F3 F4 2
g/N : 761 Failed 4 functionai tasts and 150 DG tests. 1 1 3 1
G/N : 762 Faied 4 functional tests and 103 DC tests. 1 1 2] 1
S/N : 764 Failed 4 functional fests and 80 DC tests. 1 1 2 1
S/N : 765 Failed 3 functional tests and 72 DG tests. PASS 1 8 i
Ft E2 F3 F4
S/N : 761 Failed 4 functional tests and 103 DC tests. 1 1 1 1
o/N: 762 Failed 4 functional testis and 102 DO {esis. 1 1 8 1
S/N : 764 Failed 4 functionai tests and 80 DC tests. ] 1 1 1
SN : 765 Failed 3 functional {ests and 72DCtesis. PASS 1 ] 1
F1 E2 F3 F4 2
S/N : 761 Failed 4 functional tests and 103 DG tests. 1 1 6 1
SN : 762 Failed 4 functional tests and 105 B0 tests. 1 1 9 1
SiN ' 764 Failad 4 functional tests and 75 DC tests. 1 1 9 1
o/N : 765 Failed 3 functional tests and 52 DG tests. PASS 1 9 2
F3 F4 2
g/N: 76t Failed 4 functicnal tests and 102 DC tests. 6 1
SN - 762 Failed 4 functional tests and 103 DC tests. 15 1
S/M: 764 Failed 4 functional tests and 75 DC tests. 9 1
g/M: 765 Failed 3 functional tests and 44 DO tests. 9 1
Fi E2 F3 F4 2
g/N : 761 Failed 4 functional tests and 101 DC 1ests. 1 1 9 1
g/N : 762 Failed 4 functional tests and 102 D¢ tests. 1 1 73 1
S/N: 764 Failed 4 functional tests and 88 DC tests. 1 121 1
S/N: 765 Failed 3 functional tests and 16 DT tests. ‘PASE: 1 156 9

The failing DC tests were YOH and VOL tests. The tests are performed by using a
functional patiern 1o bring the outputs to the correct logic state. When outputs are
not able to reach the expected logic state, the part fails the VOH and VOL tesls.

This indicates whather the part failed the 1st vector file, or 2nd ... or the last one.
{3741h) for each of the four functional test F1, F2, F3 and F4. e.g. For functional
test #3, SN 765 failled the 8th vector file after 48 Hrs of annealing. However on
annealing for 1200 Hrs, the part failed at vector file No. 158, indicating that it
passed all other vector files 1 through 155. This indicates that a significant
recovery took place for this functional test. However, no significant recovery was

observed for functional test #2 and #4. The capability of the test program 10
determine which vector fila is the first one to [ail during each functional lest was

added after the first annealing. These results are therefore not available for post
7.5 Krad radiation exposure.

-G



Figure 1. Radiation Blas Circult far 8038g
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All resistor values = 2.2 kOhma + 10%, 1/4 W .
Voo = +5.0 VDG + 2.5 vOC -
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